Organochlorine insecticides (OCIs) such as HCH ( , and Hexachlorocyclohexane), DDT (dichloro-diphenyltrichloroethane) and its metabolites, aldrin, dieldrin and endrin were determined in soil and groundwater samples collected from different locations at El-Gabal (AlJabal) ElAkhdar, Libya during summer (August 2014) and winter (January 2015) seasons. In addition, the residues of PCBs (polychlorinated biphenyls) species were inspected and determined. Generally, the calculated DDT of the detected residues of DDT family members that have been detected in summer were higher (with a maximum of 10.110 g/l) than those detected in soil samples of winter season (a maximum of 4.547 g/l). The results demonstrated the absence of endrin in the majority of the study sites. The results indicated the presence of about seven species of PCBs in the soil samples at different sites (PCB28, PCB52, PCB101, PCB118, PCB135, PCB138 and PCB180). It was observed that OCI residues were detected in ground water samples during summer season at few sampling sites but they were almost absent during winter season. Water samples analysis in winter showed that there were only four sites that have been found to contain members of DDT isomers.. The residues of endrin were found in high levels in both water samples of summer (2.09 g/l) and winter (1.25 g/l) as compared with OCIs. Meanwhile, o,p DDE (0.9155 g/l) and HCH (1.3230 g/l) were detected at high concentrations during winter season in water samples. In winter, the results indicated that the highest concentration of PCB species was detected in water samples collected in summer and was found in Qandula location (PCB 101= 7.239 g/l), while the lowest mean of concentration was presented in the location of AlAbraq where PCB 28 reached a concentration of 0.062 g/l
INTRODUCTION
In Libya, chlorinated hydrocarbons and other pesticides are being used for controlling pests of an agriculture and public health importance since there were no regulations or recommendations of pesticides application. The organochlorine compounds are broad spectrum insecticides, and were the most widely used in many countries for agricultural purposes and control of mosquitoes (Bouman, 2004; Blaso et al., 2005) .
Organochlorine insecticides are very stable compounds and it has been cited that the degradation of dichlorodiphenyl-trichloroethane (DDT) in soil ranges from 4 to 30 years, while other chlorinated are stable for many years after application, due to a high resistance to chemical and biological degradations (Afful et al., 2010) . Organochlorine insecticides (OCIs) have been dispersed ubiquitously in the environment (Yi-Fan et al., 1996) . When applied on a field, they can meet a variety of fates: some may be lost to the atmosphere through volatilization and transported long distances from their sites of application; others are carried away by surface runoff or photo-degraded by sunlight. When entering into the soil, pesticides may be taken up by plants or degraded; but they may also be transported through the unsaturated zone to ground-waters or via drains, reach surface water bodies. Consequently, considerable levels of OCIs have been detected in different components of human environment such as air, water, soil, plants and animals (Patton et al., 1991) . Calamari and Naeve (1994) concluded that the concentrations of pesticides found in various aquatic compartments, with few exceptions are lower than in other parts of the world, in particular in developed countries which have a longer history of high pesticide consumption and intense use.
OCIs are now less widely used than previously because of a number of disadvantages including environmental persistence, bioaccumulation and their toxic action upon the nervous systems (Hellwell, 1988) . Also their entry into an ecosystem adversely affects many non-target organisms including fish and birds (Ayas et al., 1997) . Their effects may be acute, resulting in mass mortality or chronic, involving changes in survival growth and reproduction (Kocan and Landolt, 1989) . They and their degradation products are more toxic for animals (Barlas, 1997) and play important role in the population declines of water birds (Fox et al., 1991) . Contamination of water bodies by pesticide residues has been an issue of serious concerns due to the health risks associated with them (Golfinopoulos et al., 2003) . It is well known that DDT was listed by the Stockholm Convention as 1 of 12 persistent organic pollutants (POPs) in 2004 (Zhu et al., 2005) . Organochlorines such as chlorinated insecticides and polychlorinated biphenyls (PCBs) represent important groups of POPs (persistent organic pollutants), which have caused worldwide concern as toxic environmental contaminants (Covacia et al., 2005) .
The term polychlorinated biphenyls, or PCBs, refers to a class of synthetic organic chemicals that are, to a large degree, chemically inert. PCBs have been widely used as additives to oils in electrical equipment, hydraulic machinery, and other applications where chemical stability has been required for safety, operation, or durability. Although the chemical stability of many PCBs has been a benefit from the standpoint of commercial use, it has created an environmental problem because it translates into extreme persistence when the PCBs are eventually released into the environment. In fact, PCBs are among the most widespread environmental pollutants, having been detected in virtually all environmental media (indoor and outdoor air, surface and ground water, soil, and food) in almost every corner of the globe. Not only are PCBs often persistent, but many PCB-mixtures are also toxic. Exposure to low levels of PCBs is thought to cause various acute and chronic health effects (UNEP Chemicals, 1999) .
Usage of OCIs has been prohibited in most of countries, but 70% of banned pesticides are still used in some parts of the world because of their low cost. The present work was carried out to determine some organochlorine insecticides (OCIs) and PCBs residues in soil and groundwater that used for irrigation at ElGabal El-Akhdar, Libya. Table 1 and Fig.1 are showing the locations of soil and irrigation water (wells) samples collection from ElGabal El-Akhdar in Libya. 
MATERIALS AND METHODS

Samples collection
A-Water samples
Water samples (3 liters/site) were collected from groundwater wells that are being used for irrigation at fourteen sites (Table1), stored at 4 ?C and transported to the laboratory for the analysis procedures (OCIs and PCBs residue determination).
B-Soil samples
Soil samples (2kg/site) were collected from the different selected locations of study using a stainlesssteel grab sampler. Samples were taken from each location from the top 3 cm area, and then they were scooped into pre-cleaned wide-mouth glass bottles, placed in ice box, transported to the laboratory and stored at 20? C until analysis. OCIs and PCBs were determined within the collected soil samples.
Residues determination A-Residues extraction
For water samples, liquid liquid extraction (1000 ml of water sample+ 100 ml dichloromethane) was followed by gas chromatographic analysis (USEPA, 1980) to determine OCIs and PCBs residue. Extraction from soil was done and modified from that method described by USEPA (1996) . Each sample (30g) was then thoroughly mixed with 90g of anhydrous sodium sulfate. The soil sample was then extracted with 250 ml (1:1) of n-hexane:dichloromethane for 8 hrs in a Soxhlet apparatus cycling 5 6 times/ h (Sporring et al., 2005) . The extracts were then combined and desulfurized through activated copper powder and then concentrated to a few milliliters.
B-Identification and quantification of OCIs and PCBs residues
Identification and quantification of pesticide residues were done by using Gas Chromatograph-Mass Spectrometer, GCMS (Thermo Scientific CompanyTrace DSQ II MS) on fused-silica capillary column (Thermo TR-35 MS [3.0m* 0.25mm] filled with 35% phenyl polyphenylene-siloxane (stationary phase). Organochlorine insecticides were quantified from individually resolved peak areas with the corresponding peak areas of the standards. Helium was used as carrier gas at flow rate of 2 ml/min. The temperature was programmed from 90 140° C with a rate of 5° C/min, then holed at 140 °C for1min, and from 140-250° C with a rate of 3° C/min and was holed at 250 °C for 1min, and from 250-300° C with a rate of 20° C/min and was holed at 300° C for 1min. The injector, ion source, and detector temperatures were set at 280° C, 250° C and 310° C, respectively. Three microliters (3 l) of each sample was injected in the split less mode and the purge time was 1 min. Retention time and peak areas were compared with the standards. The analysis process of the collected samples of irrigation water (ground water) and soil was carried out at the Central Lab. Unit of the National Institute of Oceanography and Fisheries, Alexandria, Egypt.
Statistical analysis
Data of the present investigation were subjected to the analysis of variance (ANOVA) using F Test following the randomized complete block design (RCBD), with three replicates for each treatment. The least significant differences (L.S.D) at the 0.05 level were determined according to computer program (COSTAT software, 1988) .
RESULTS AND DISCUSSION A-Residues of OCIs and PCBsin soil samples
Although certain persistent pesticides have been banned for years, the results of the conducted study indicates the presence of chlorinated insecticide residues in some selected sites at different levels depending on the type of insecticide, the nature of region in addition to the season and date of sampling. However, OCIs residues were not detected and they were totally absent in some soil samples (sites 8, 10 and 11). Tables 2 and 3 show the analytical determination of the residues of DDT family representing DDT and its metabolites (products) (DDE and DDD), as well as the residues of , , isomers of HCH in addition to the residues of three other insecticides (aldrin, dieldrin and endrin) inspected in irrigation water and soil samples at El-Gabal El-Akhdar area, Libya. The differences in the concentrations of these insecticide residues in the soil samples may be due to the substantial inter-farm variation, the intensive use of pesticide and the rate of application as well as the differences in their degradation rate (Owusu-Boateng and Amuzu, 2013) .
Results showed significant increase (p 0.01) in site 6 ( -HCH), sites1, 3, 4, 5, 6, 9, 13 and14 (p,p DDE), sites 6, 9 and14 (p,p DDD) and site 9 (endrin) during summer season. During winter season, there were also significant increases in site 2 (p,p DDE), site 13 (o,p DDE), site 14, (dieldrin) and site 5 & 9 (endrin) .Concentrations of HCH and DDT were calculated by summing the three HCH isomers ( , and ) and six DDT members (metabolites), in respect.
HCH isomers
The concentrations of HCH isomers that have been found in the soil samples during summer season showed variations from one region to another, where the highest concentrations were found in Qaser-Libya location (site 6) ( HCH 1.537 g/l) followed by the region of Marawah (site 3) ( HCH 0.405 g/l) and then the location of Al-Wasita (site 9) ( HCH 0.345 g/l) ( Table 2 ). The results of soil samples analysis in winter showed that the highest concentrations of HCH isomers were found in the Al-Haniyaha location (site 7) ( HCH= 4.610 g/ l) followed by Al-Abraq (site 14) ( HCH 0.626 g/l) and Al-Wasita (site 9) ( HCH 0.251 g/l) ( Table 3) .
It was noticed that HCHs concentrations were less and lower than those of DDTs'. This might be due to the different physicochemical and biological properties of these compounds (Tang et al., 2007) .Therefore, HCHs concentrations were found to be low under the different seasons and locations conditions and this might be also due to less recent input of lindane (Gammexane ® ) (HCH). This could be also explained by the large amount of historical use of DDT in such specific farms (sites).
DDT family (metabolites)
Generally, the calculated DDT of the detected residues of DDT family members that have been detected in summer were higher (with a maximum of 10.110 g/l) than those detected in soil samples of winter season (a maximum of 4.547 g/l). It was found that the locations of Qasr-Libya (site 6) (10.11 g/l) and Al-Wasita (site 9) (8.67 g/l) and Al-Abraq (sites 13 and14) (10.01 and 9.28 g/l) contained the highest residues of DDT family members. In those soil samples of summer season, it was found that both isomers of p,p DDT and o,p DDT were recorded as very low concentrations in the all detected sites and sometimes they were totally absent. The p,p DDE isomer was found as a high concentration as 6.738 g/ l ( g/l) (site 9), while the o,p DDE isomer was high in site 13 (4.537 g/ l). Meanwhile, the p,p DDD isomer was higher in both sites 6 and 14 (6.121 and 6.642 ppb, respectively)( Table 2) .
The soil samples analyzed in winter season showed that the highest concentration of DDT isomers was found in the location of Al-Abraq (site 13) where p,p DDE and o,p DDE were as high as 2.098 and 2.184 g/ l, in respect (Table 3) . DDT residues were lower in those samples of winter as compared with summer samples. DDT was the highest (4.55 g /l) in Al-Abraq (site 13) as determined in winter soil samples (Table 3 ). The presence of the DDT analogs (metabolites) indicated deterioration of DDT compound in the environment due to the decay of the solar radiation or metabolism by living organisms (Hooper et al., 1997 and Salem et al., 2014) . The presented results also indicated that such chlorinated insecticides (OCIs), especially DDT, were used during past years in these selected location in ElGabal El-Akhdar, Libya for study and therefore OCIs still detected with their metabolites (isomers). This can be related due to their low solubility and these results are in agreement with those reported by Dubus et al. (2000) .
Aldrin, dieldrin and endrin residues
Residues of the insecticide aldrin were found in soil samples collected in the summer season where the highest mean concentration was detected in Al Wasita location (site 9) (0.582 g /l), followed by that determined at the Al-Haniyah location (site 7) (0.288 g /l). The results of the soil samples collected in the winter season revealed that aldrin residues were found in sites No. 3, 7, 9 and 14 and the highest mean concentration (0.781 g /l) was detected in the location of Al-Wasita (site 9), while the lowest mean concentration of 0.121 g /l was found in Marawah location (site 3).
Some areas of study where the soil samples were collected from them during the summer season were found to contain residues of dieldrin where the highest mean concentration of residues was found in Al AlAbraq location (site 13) (0.523 g /l) and the lowest mean concentration of residues of that compound was found in Qasr-Libya location (site 6) (0.045 g /l) ( Table 2) .
In winter, the results of the soil samples analysis indicated that Al-Abraq location (site 14) contained the highest mean concentration of dieldrin (1.193 g /l), while the lowest mean concentration was found in Marawah location (site 4) (0.039 g /l).The results demonstrated the absence of endrin in the majority of the study sites which has been proved through the analysis of these soil samples collected in summer and endrin was found only in sites 5, 6 and 9 sites. At AlWasita location (site 9), the results demonstrated the highest mean concentration (3.130 g /l) of endrin, while the lowest mean concentration of its residues (0.249 g /l) was detected in Qasr-Libya location (site 5) during summer. Some soil samples that were collected in winter contained endrin and the highest mean concentration was detected in Qasr-Libya location (site 5) (2.881 g/l), while the lowest mean concentration was found in Al-Abraq location (site 13) (0.043 g /l).
The accumulation of aldrin in soil samples analyzed during the present study was probably originated from its historical use where different formulations of organochlorine insecticides were extensively used in the past (Mawussi, 2008) . Dieldrin was detected at some sites and this might be due to the little agricultural cultivation that has been practiced in the past or possibly due to little use of dieldrin at these sites in past. The highest concentrations of aldrin, dieldrin and dieldrin were found at the sampling site No.14 (AlAbraq) during both seasons and this can be attributed to the intensive production of crops and the application of such chlorinated insecticides in this location. Concentrations and patterns of OCIs distribution could be influenced by the chemical and the physical properties of such OCIs that have been applied under certain environmental conditions (Montenegro et al., 1998) .
The obtained results showed that soil samples contained DDT, DDD, DDE, HCH isomers, aldrin, dieldrin and endrin. The concentrations of the compounds were mostly found in the surface of soil samples. The results of this study showed that there is a variation in the levels of chlorinated insecticides residue from season to another and from one location to another. Kanatharana et al. (1994) , El-Bouraie et al. (2011) and Mahugija et al. (2014) found that the concentration of the detected compounds varied according to the location and the samples collection period.
PCBs residues
Tables (4 and 5) demonstrated the results of analysis of the soil samples that have been collected in the summer (August/2014) and winter (January/2015) seasons. The PCBs species were detected in these samples collected from different sites of El-Gabal ElAkhdar area, Libya. The PCBs detection is a very important process for the assessment of a contaminant or pollution problem. Podlesakova et al. (1997) reported that PCBs monitoring was conducted in the United Kingdom, USA, Canada, Japan, and Sweden and it had a valuable environmental benefits.
The detection of PCB28 at site 13 (1.733 g /l), PCB52 at sites 3, 4, 5, 6, 7and 9 (with a maximum of 15.089 g /l), PCB118 at sites 7 and14 (with a maximum of 10.000 g /l) and PCB 138 at site 14 (4.610 g /l) showed a high significant increase during summer season as compared with the those samples of winter.
It was found that the sites 6 and 9 contained many PCB species (PCB28, PCB52, PCB101, PCB11, PCB135, PCB138 and PCB180).The highest mean concentration of PCB 52 (15.089 g /l ) was detected at Al-Wasita area (site 9), while Masah area showed the lowest concentration at site 12 (PCB135= 0.037 g /l) as shown in Table 4 . In winter soil samples, it was found that Qasr -Libya location (site 6) contained 7 PCB species (PCB28, PCB52, PCB101, PCB118, PCB135, PCB138and PCB180) and the highest mean concentration was that detected in Qasr -Libya location (site 6) (PCB118= 8.966 g /l), while the lowest mean concentration was that detected in Al-Wasita location (site 9) (PCB135= 0.017 g /l) as shown in Table 5 .
The results of laboratory analysis indicated the presence of about seven species of PCBs in the soil samples at different sites (PCB28, PCB52, PCB101, PCB118, PCB135, PCB138 and PCB180). The results of this study are consistent with the results of previous studies, which monitored PCB species and detected the existence of about seven of the PCB in all parts of the world, particularly in samples such as soil (Covaci et al., 2002; Pawlak and Laamanen, 2010; Duc and Viet, 2013; Hassan et al., 2013) .
The results also showed that PCB residues existed in the samples collected in summer more than those samples collected in winter, either in species number or concentration. The present results are in agreement with those reported by Tasdemir (2012) who found that the sampling date (spring or/and summer) had an effect on the PCB content in the soil, which may be increase in high soil temperature.
B-Residues of OCIs and PCBs in water samples
The mean concentrations of OCIs residues that have been detected in ground water samples in summer and winter seasons are demonstrated in Tables 6 and 7 . It was observed that organochlorine insecticides residues were detected during summer season at few sampling sites but they were almost absent during winter season, although these insecticides might be used in agricultural purposes (insect control). This could be attributed to the process by which soil character during dry season promote adsorption of insecticides to soil particles (Leong et al., 2007; Shivani et al., 2012; Solomon, 2016) and therefore, water samples collected for the present study appeared to be free of OCIs. This can be attributed also to the fast rate of degradation that was accelerated through the variation of climatic conditions during summer in the area of study and these results are in agreement with those of El-Bouraie et al. (2011) .
HCH isomers
The analysis of water samples collected during summer season (Table 6) showed that HCH was detected only at Qandula location (site 1) (1.32 g/l) and Qasr-Libya (0.12 g/l). HCH was totally absent where it was not detected in the all detected water samples collected from the selected different locations of El-Gabal El-Akhdar, Libya. Meanwhile, HCH was only detected in Al-Abraq location (site 13) at a low concentration of 0.76 g/l.
Therefore, HCH was present in Qandula location (site 1), (1.323 g/l), Al-Abraq (site 13) (0.76 g/l) and Qasr-Libya (site 6) (0.12 g/l) in summer. HCH isomers were found in very few locations at low concentrations and that might be due to their differences in physicochemical and biological properties, where they having higher vapor pressure (Tang et al., 2007) . In winter, the collected water samples appeared to have no residue of the all detected OCIs.
DDT family (metabolites)
The results showed the existence of a small numbers of DDT isomers (metabolites) in water samples collected in summer (Table 6 ). The higher total (sum) concentration of DDT isomers and family ( DDT) (0.96 and 0.92 g/l) were detected in Qasr-Libya (site 6) and Al-Abraq (site 13), respectively ( Table 6 ). The products of DDT or its metabolites were found in few locations. Water samples analysis in winter showed that there were only four sites that have been found to contain members of DDT isomers (site 1, 6, 7 and 11) ( Table 7) .
The present investigation showed that both isomers of DDE (p,p and o,p) were the most common residues among the other isomers of DDT which could be an indication of less tendency of recent exposure to new sources of DDT and the lower accumulation of residues was probably accumulated through indirect sources such as long range transport or historical application (Hong et al., 1999; Zhang et al., 2003) . This also might be an evidence of the usage of DDT in El-Gabal ElAkhdar area, long time ago because DDT metabolites (especially DDE) were detected at lower concentrations at certain sites that water samples have been collected from. The other reason might be that DDE has transported better in the atmosphere than other forms (Poolpak et al., 2008; Zhou, 2008) .
Aldrin, dieldrin and endrin
The results indicated the presence of a low concentration of aldrin in water samples that have been collected in summer in the location of Al-Abraq (site 13 only) (0.0373 g/l) (Table 6 ). Also, one site only was found to contain dieldrin (site 6) in Qasr-Libya location with a concentration of 0.140 g/l. Moreover, endrin was the only compound among these three detected compounds (aldrin, dieldrin and endrin) detected in quantifiable amount (2.09 g/l) in water samples collected from Qasr-Libya (site 6) during summer season.
For those samples collected during winter season, the residue level of endrin (1.248 g/l) was the only detected one among the rest of the inspected residues (Table 7) . It could be concluded that water samples collected during summer season contained high levels of OCIs than those collected in winter season. The residues of endrin were found in high levels in both samples of summer (2.09 g/l) and winter (1.25 g/l) as compared with the other all OCIs inspected at El-Gabal El-Akhdar, Libya. Meanwhile, o, p DDE (0.9155 g/l) and HCH (1.3230 g/l) were detected at high concentrations during winter season in water samples.
The present study showed that the residues of aldrin, dieldrin and endrin are rarely present in irrigation groundwater but a little residues leaching from soils might be occurred.
PCBs species
The results of the detected residues of PCBs of summer and winter samples are presented in the Tables  8 and 9 , in respect. There were significant variations in PCB compounds for both seasons of summer and winter. PCB52 was detected in site 13, PCB101 (site2), PCB135 (site7) and PCB138 (site 1) which showed a highly significant increase (p 0.01) in water samples collected in summer. Meanwhile, results showed significant increase (p 0.01) in PCB135 and PCB138 as they were detected in site 13.
In winter, the results indicated that the highest concentration of PCB species was detected in water samples collected in summer and was found in Qandula location (site 2) (PCB 101= 7.239 g/l), while the lowest mean of concentration was presented in the location of Al-Abraq (site 13) where PCB 28 reached a concentration of 0.062 g/l (Table 8) .
The results of the laboratory analysis of water samples collected in winter showed that Al-Abraq location contains the highest number of PCB species (PCB 135, PCB 138, PCB 180) at site 13 and the highest mean concentration was found in the same area ( PCB 138= 16.241 g/l) as shown in Table 9 . The presented results showed that concentration of PCBs in water were low and these results are similar to those obtained by Yu et al. (2014 
